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© Clamping ring and method and apparatus for using same. 


© Described is a clamping ring (20) defining a ring 
opening (22) useful for securing a substrate like a 
semiconductor wafer during processing, for example 
in a physical vapor deposition system. The clamping 
ring (20) is made of a material having a iow thermal 
coefficient of expansion, which is preferably noncon- 
ductive, for example a ceramic material, such as 
alumina. Such material, by exhibiting only slight ex- 
pansion or contraction during thermal cycling, allows 
the production of a clamping ring (20) having the 
largest possible inner diameter, such that more sub- 
strate surface area is available for device fabrication, 
and such that substrate shadowing that results from 
metal film build-up on the clamping ring (20) is 
mitigated, thereby extending the useful life of the 
clamp ring (20) and reducing system downtime. Ad- 
ditionally, the thermal stability provided by the 
present invention improves substrate temperature 
uniformity, and therefore also improves per substrate 
device yield while increasing device reliability. Fur- 
thermore described is an apparatus and a method 
using the clamping ring (20). 
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The present invention relates to a clamping 
ring and a method and apparatus for using same. 
The clamping ring may be used for e.g. semicon- 
ductor wafer processing. 

It is often beneficial to secure a semiconductor 
wafer against movement during the various wafer 
processing steps that must be performed when 
fabricating integrated circuits. In this way precision 
tolerances may be more readily maintained, allow- 
ing the fabrication of devices having very fine fea- 
tures, while assuring reproducibility and improving 
wafer yields. An example of a wafer processing 
step during which the wafer must be secured 
against movement is set forth in U.S. Patent No. 5, 
108,569, in which a clamping mechanism is used 
to secure a wafer to a platform during the formation 
of a stoichiometric layer of a metal compound on a 
wafer surface. 

In a physical vapor deposition ("PVD") system, 
such as is useful for depositing a metal film on a 
semiconductor wafer surface, a metal clamping 
ring 10 (see Fig. 1) is commonly used to secure 
the semiconductor wafer 12 during wafer process- 
ing. One problem often encountered with the use of 
metal clamping rings involves the plasma gen- 
erated during PVD metal film deposition, which 
generates intense heat that causes the metal 
clamping ring to expand. Such expansion results in 
an increased clamping ring diameter which may 
exceed that of the wafer, such that the wafer can 
become attached or stuck inside the clamping ring, 
causing the wafer to break when the clamping ring 
again contracts. 

Providing a clamping ring with a smaller inner 
diameter to account for ring expansion when the 
ring is heated reduces the usefulness of the clamp- 
ing ring when less than full thermal cycling is 
achieved, or when wafer processing is performed 
in noncontinuous mode operation, i.e. when the 
clamping ring in repeatedly heated and cooled and, 
therefore, allowed to repeatedly expand and con- 
tract. A clamping ring having a smaller inner diam- 
eter covers a greater amount of the wafer surface 
for any processing steps that are performed while 
the clamping ring is maintained at lower tempera- 
tures, e.g. where the ring has not expanded to its 
largest inner diameter. This additional surface cov- 
erage significantly reduces effective wafer surface 
available for processing and, accordingly, reduces 
wafer yields. 

During standard PVD processing, deposition of 
a metal film on the surface of a semiconductor 
wafer produces a metal film build-up 14 on the 
surface of the clamping ring 10. Over time, this 
build-up extends the height and inner diameter of 
the clamp ring and thus affects the profile of the 
clamping ring. For example, the build-up of metal 
film on the clamping ring shadows an intended 


metal film deposition on the surface of the wafer 
near the edge of the wafer. 

In reference to the wafer centerline 18 in Fig. 1, 
the effective useful wafer diameter 16 is signifi- 
s cantly decreased by such shadowing, which re- 
duces the amount of wafer surface available for 
integrated circuit fabrication. Thus, the amount of 
wafer surface area available for device fabrication 
is decreased by both the metal film build-up on the 

70 clamping ring surface and the need to reduce the 
clamping ring inner diameter to compensate for 
expansion and contraction of the clamping ring due 
to thermal cycling. 

The shadow cast upon the wafer surface near 

75 the wafer edge by the build-up affects the uniform- 
ity of metal film deposition on the wafer surface. 
The phenomenon is best understood with reference 
to Fig. 2, which is a graph plotting the thickness of 
a deposited aluminum film on a semiconductor 

20 wafer surface vs. distance along the wafer surface 
from a wafer edge; and Fig. 3, which is a graph 
plotting uniformity of a deposited aluminum film on 
a semiconductor wafer surface vs. distance along 
the wafer surface from a wafer edge 

25 In Fig. 2, the thickness of a deposited alu- 

minum film (expressed as A * 1000;lA = 0.1 nm) 
is shown having a rapid drop-off as the edge of the 
subject semiconductor wafer is approached. As a 
clamping ring acquires an increasingly thick metal 

30 film build-up with use, the point along the wafer 
surface from the edge at which this drop-off occurs 
extends increasingly away from the wafer edge and 
toward the center of the wafer. Because a signifi- 
cant percentage of the wafer surface area is lost 

35 when even a small portion of the wafer surface at 
the wafer periphery is unusable, any movement of 
the edge drop-off toward the center of the wafer 
can have disastrous effects on wafer yield and, as 
a result, per device cost of manufacture. 

40 Fig. 3 shows the shadowing effect produced by 
a clamping ring after 2340 urn of aluminum film 
have been deposited on the clamping ring surface. 
It can be seen in the Fig. that as the edge of a 200 
mm wafer is approached (i.e. at a larger measuring 

45 diameter), sheet resistance uniformity of aluminum 
alloy films deposited on the wafer surface exceeds 
3.5% at 1 sigma (i.e. at one standard deviation), 
with a 49 point contour. 

It is the current industry experience that a 1 

so sigma measurement (as is shown in Fig. 3) is not 
an acceptable standard for applications employing 
modern submicron technology. When applying 
modern standards (i.e. 3 sigma), the sheet resis- 
tance uniformity of aluminum alloys on 200 mm 

55 wafers exceeds 5%, with a 49 point contour, after 
just 1000-1500 urn of metal film build-up on a 
clamping ring. 
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When a clamping ring is new, the deposited 
metal film builds up gradually on the clamping ring 
surface, such that shadowing progresses gradually 
from the point at which the clamping ring contacts 
the wafer inwardly toward the point of nominal 
wafer thickness (at about 6 mm from the edge of 
the wafer). As the clamping ring ages, this inward 
transition is much steeper. 

When the build-up on the clamping ring sur- 
face becomes thick enough to interfere with wafer 
yields, the clamping ring must be replaced. Cur- 
rently, clamping rings are replaced when the build- 
up approaches 1000 urn. The clamping rings can 
be chemically cleaned; however, the selectivity of 
the chemical wet etch that is used to clean the 
clamping ring is limited and tends to reduce the 
clamping ring effectiveness over time. That is, 
known clamping rings may only be cleaned a limit- 
ed number of times. 

The cost of replacement clamping rings is not 
insignificant, about $4OOO-$50O0 each. However, it 
is much more significant that a fabrication process 
must be shut down for 10-14 hours every 2-3 days 
to replace a worn clamping ring. This downtime 
has a profound effect on fab efficiency and 
throughput. Reducing such downtime would signifi- 
cantly increase fab efficiency and throughput and, 
as a result, profitability. 

A further disadvantage of metallic clamping 
rings is their inherent thermal conductivity. Such 
clamping rings add heat to the wafer or act as a 
heat sink at the wafer edge, depending upon the 
relative temperature of the process environment in 
which the clamping ring is used. The thermal vola- 
tility of such known clamping rings can cause tem- 
perature non-uniformity across the wafer and result 
in reduced wafer yields and degraded device re- 
liability. 

It is therefore the object of the present inven- 
tion to provide a clamping ring and apparatus and 
method for using same which avoids the above 
mentioned drawbacks. This object is solved by the 
clamping ring according to independent claim 1, 
the apparatus according to independent claim 7 
and the method of independent claim 14. Further 
advantageous features, aspects and details of the 
invention are evident from the dependent claims, 
the description and the drawings. The claims are to 
be understood as a first non-limiting approach to 
define the invention in general terms. 

Specifically, the present invention relates to 
semiconductor wafer processing. More particularly, 
the present invention relates to securing semicon- 
ductor wafers against movement during wafer pro- 
cessing. 

The present invention provides an improved 
clamp that is useful for securing a substrate during 
processing, for example in a physical vapor deposi- 


tion ("PVD") system. In the preferred embodiment 
of the invention, such clamp is a ring that is made 
of a material having a low thermal coefficient of 
expansion, for example a ceramic material, such as 
5 alumina. Such material, by exhibiting only slight 
expansion or contraction during thermal cycling, 
allows the production of a clamping ring having the 
largest possible inner diameter, such that more 
substrate surface area is available for device fab- 
10 rication, and such that wafer shadowing which re- 
sults from metal film build-up on the clamping ring 
is mitigated. In this way, the invention extends the 
useful life of the clamp ring and, therefore, reduces 
system downtime. Because the clamping ring of 
75 the present invention is thermally stable under 
varying processing conditions, substrate tempera- 
ture uniformity is improved. Additionally, a clamp- 
ing ring made of ceramic and ceramic-like materi- 
als is easier to recycle due to the superior selectiv- 
20 ity when wet etching metal films deposited on the 
ceramic materials to clean the clamping ring sur- 
face, when compared with the selectivity of the wet 
etching process when metal films are cleaned from 
a metal surface. 
25 Fig. 1 is a partial cross sectional view of a prior 
art semiconductor wafer clamp ring; 
Fig. 2 is a graph plotting the thickness of a 
deposited aluminum film on a semiconductor 
wafer surface vs. distance along the wafer sur- 
30 face from a wafer edge; 

Fig. 3 is a graph plotting uniformity of a depos- 
ited aluminum film on a semiconductor wafer 
surface vs. distance along the wafer surface 
from a wafer edge; 
35 Fig. 4a is a plan view of an improved semicon- 
ductor wafer clamp ring according to the present 
invention; and 

Fig. 4b is a cross sectional view of the improved 
semiconductor wafer clamp ring of Fig. 4a, tak- 
40 en along the dotted line "AA", as identified in 
Fig. 4a. 

The present invention is best understood by 
referring to the Drawings in connection with review 
of this Description. 

45 The present invention provides an improved 

clamping ring that is useful for securing a semicon- 
ductor wafer against movement during wafer pro- 
cessing, for example in a PVD system. Fig. 4a is a 
plan view of the improved semiconductor wafer 

so clamping ring 20. The ring is doughnut-shaped and 
has at least one planar clamping surface config- 
ured for abutting opposition to a wafer surface to 
secure the wafer against unwanted movement dur- 
ing wafer processing. For purposes of the present 

55 invention, the clamping ring may be moved into a 
clamping position, such that it is brought to bear 
upon or impose upon a clamping surface of a 
stationary wafer and thereby secure the wafer; or 
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the clamping ring may remain stationary, such that 
it receives and retains a wafer that is brought to 
bear upon the clamping surface of the clamping 
ring; or clamping may be accomplished through a 
combination of relative movement of the clamping 
ring and the wafer. 

The clamping ring is formed having an inner 
diameter which defines an opening 22. The ring 
clamps a wafer at a periphery of the wafer surface. 
The opening 22 exposes the rest of the wafer 
surface to a processing environment, rt is important 
to minimize the amount of wafer surface area used 
for clamping. In this way, a maximum amount of 
the wafer surface is available for the fabrication of 
integrated circuits, thereby increasing device yield 
per wafer. In accordance with the present invention, 
the clamping ring is formed such that the opening 
allows maximum wafer surface exposure to the 
processing environment, while it provides a mini- 
mal abutment with the periphery of the wafer sur- 
face to secure the wafer against unwanted move- 
ment. 

Fig. 4b is a cross sectional view of the im- 
proved semiconductor wafer clamp ring 20 of Fig. 
4a, taken along the dotted line "AA", as identified 
in Fig. 4a. The clamping ring of Figs. 4a and 4b is 
shown as a doughnut-shaped ring for purposes of 
example. The various surfaces shown in Fig. 4b 
represent the preferred embodiment of the present 
invention, as the invention is adapted for a specific 
application. The present invention may be prac- 
ticed with any other desired clamping configuration 
Therefore, it is not necessary that the clamp be a 
ring but, rather, the clamp could be oval shaped, 
rectangular, square, etc. as long as the clamp 
defines an opening that allows maximum exposure 
of a wafer surface to a processing environment. 

Currently, the only known way to produce a 
clamping ring is to use any of various metals or 
metallic alloys. As discussed above, the clamping 
ring must not have a large diameter or the clamp- 
ing ring could expand beyond the periphery of the 
clamped wafer when the clamp is heated, thereby 
permitting the wafer to become attached or stuck 
inside the clamping ring, causing the wafer to 
break. 

A critical characteristic of the clamping ring of 
the present invention is that the ring does not 
expand or contract at all, or at most, only slightly, 
when subjected to thermal cycling because the 
clamping ring is formed of a material having a low 
thermal coefficient of expansion and/or low thermal 
conductivity. By providing a clamping ring that is 
dimensionally stable (e.g. a ring having an inner 
diameter that remains relatively constant) during 
conditions of thermal cycling, it is possible to dis- 
regard the prior art requirement that the clamping 
ring be designed to have a narrow opening to 


compensate for expansion of the ring when the ring 
is heated. By providing a clamping ring having low 
thermal conductivity, the thermal stability of a wafer 
during wafer processing is improved. 

5 In the preferred embodiment of the invention, 

the clamping ring is formed of a material having a 
low thermal constant of expansion and low thermal 
conductivity, such as a ceramic material, e.g. alu- 
mina, aluminum nitride, calcium carbonate, etc., or 

w any other thermally stable material, such as kovar. 
Such ceramic and ceramic-like materials are also 
easier to recycle than standard metal clamping 
rings. 

The clamping ring of the present invention may 
15 be shaped, cast, or otherwise formed to a desired 
shape using known techniques for the material 
chosen. 

One advantage of the present invention is that 
the foregoing materials are readily cleaned of metal 

20 film deposits. Chemical etch cleaning has a much 
higher selectivity of metal when the metal is coated 
on a ceramic surface when compared to chemical 
etch selectivity for metai coated on metal. This 
property of the present invention provides a clamp- 

25 ing ring that is able to withstand more cleaning 
cycles than a conventional clamping ring, while 
resisting dimensional change caused to conven- 
tional clamping rings by such cleaning. 

The use of a material having a low thermal 

30 coefficient of expansion in the present invention 
also allows the clamping ring to have the maximum 
possible inner diameter, while providing a sufficient 
clamping surface to clamp a wafer. The clamping 
ring of the present invention exhibits little or no 

35 dimensional change during thermal cycling. Be- 
cause the clamping ring design need not consider 
dimensional change due to thermal cycling, a 
clamping ring may be provided having a larger 
inner diameter than was previously possible. Thus, 

40 a major advantage of the present invention is that it 
provides a clamping ring having a larger inner 
diameter. 

In addition to increasing the amount of wafer 
surface area available for integrated circuit fabrica- 
te tion, the invention is particularly useful in applica- 
tions, such as metal film deposition in a physical 
vapor deposition system, where clamping ring pro- 
file is increased by metal film build-up on the outer 
surfaces of the clamping ring, 
so Although metal film build-up occurs as readily 
on the clamping ring surfaces in the present inven- 
tion as it does on the surfaces of prior art clamping 
rings, the larger opening afforded by the present 
invention allows the clamping ring to be used for a 
55 longer period of time until it needs replacement. 
Although the rate of metal film build up is the same 
in either case, the present invention has a larger 
diameter and can therefore accommodate a greater 
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amount of metal film build up on its surface before 
the inner diameter is reduced to the degree that 
wafer shadowing begins to affect film thickness and 
sheet resistivity on the wafer surface. 

It has been found that when the clamping ring 
of the present invention is used in a PVD system, 
where a metal film is deposited onto the clamping 
ring outer surfaces incidental to film deposition on 
a wafer surface, the present invention allows use of 
the clamping ring until a metal film layer having a 
thickness of at least 3000 urn is built up on the 
clamping ring surface. As discussed above, prior 
art clamping rings must be replaced when the 
deposited metal film layer approaches 1000 urn. In 
this way, the present invention provides a signifi- 
cant improvement in clamping ring life. This results 
in less need for frequent PVD system maintenance 
and less system downtime. Thus, throughput and 
cycle time are improved. 

It has also been found that when a conven- 
tional clamping ring is used in a PVD system, the 
temperature of the wafer near the clamping ring 
can be significantly different than the temperature 
at the center of the wafer. This effect is caused by 
plasma induced electron bombardment of the 
clamping ring during deposition which heats the 
clamping ring. Thus, heat is transferred by the 
clamping ring to or from the wafer, depending upon 
relative wafer temperature. Such wafer temperature 
non-uniformity causes grain size non-uniformities 
across the wafer surface, and may also cause 
differences in the amount of metal that is flowed 
into contacts across the wafer. These phenomena 
lower per wafer device yield and limit device re- 
liability. 

The clamping ring of the present invention is 
furthermore preferably thermally nonconductive. It 
has been found that use of the present invention 
significantly reduces or eliminates such non-uni- 
formity and, therefore, reduces or eliminates the 
problems attendant with thermal non-uniformity 
which are discussed above. 

Although the invention is described herein with 
reference to the preferred embodiment, one skilled 
in the art will readily appreciate that other applica- 
tions may be substituted for those set forth herein 
without departing from the spirit and scope of the 
present invention. Accordingly, the invention should 
only be limited by the Claims included below. 

Claims 

1. A clamping ring (20) having an inner diameter 
defining a ring opening (22) and having a 
clamping surface for abutting opposition to a 
periphery of a substrate surface to effect sub- 
strate clamping, wherein said clamping ring 
(20) is formed of a material having a low ther- 


mal coefficient of expansion, such that said 
clamping ring inner diameter remains constant 
or nearly constant when said ring is subjected 
to thermal cycling. 

5 

2. The clamping ring (20) of claim 1 , wherein said 
substrate is a wafer. 

3. The clamping ring (20) of claim 1 or 2, wherein 
70 said clamping ring is formed of a ceramic 

material. 

4. The clamping ring (20) of claim 3, wherein said 
ceramic material is selected from the group 

is including alumina, aluminum nitride, and cal- 

cium carbonate. 

5. The clamping ring (20) of claim 1 or 2, wherein 
said clamping ring (20) is formed Of kovar. 

20 

6. The clamping ring (20) of claims 1 to 4, 
wherein said clamping ring (20) is thermally 
nonconductive. 

25 7. An apparatus for securing a substrate during 
processing, comprising: 

a clamping ring (20) having an inner diameter 
defining a ring opening (22) and having a 
clamping surface for abutting opposition to a 

30 substrate surface to effect substrate clamping 

at a periphery of said substrate surface, 
wherein said clamping ring (20) is made of a 
material having a low thermal coefficient of 
expansion, said material exhibiting at most 

35 only slight expansion and contraction during 

thermal cycling, such that said clamping ring 
(20) inner diameter remains constant or nearly 
constant during said thermal cycling, and such 
that said ring opening (22) defined by said 

40 inner diameter provides maximum exposure of 

said substrate surface to a process environ- 
ment. 

8. The apparatus according to claim 7, which is 
45 used in a physical vapor deposition system. 

9. The apparatus according to claim 7 or 8, 
wherein the substrate is a wafer. 

so 10. The apparatus of one of claims 7 to 9, wherein 
said clamping ring (20) is formed of a ceramic 
material. 

11. The apparatus of one of claims 7 to 10, 
55 wherein said ceramic material is selected from 

the group including alumina, aJuminum nitride, 
and calcium carbonate. 
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12. The apparatus of one of claim 7 to 10, wherein 
said clamping ring (20) is formed of kovar. 

13. The apparatus of one of claims 7 to 11, 
wherein said clamping ring (20) is thermally 5 
nonconductive, 

14. A method for securing a substrate during pro- 
cessing while allowing maximum exposure of a 
substrate surface to a process environment, io 
comprising the steps of: 

securing said substrate against unwanted 
movement with a clamping ring having a 
clamping surface in abutting opposition to a 
periphery of the substrate surface and having rs 
an inner diameter which defines an area of 
process environment exposure for said wafer 
surface; 

processing said substrate; and 
maintaining said inner diameter constant or 20 
nearly constant during thermal cycling atten- 
dant with said substrate processing by forming 
said clamping ring of a material having a low 
thermal coefficient of expansion. 

25 

15. The method of claim 14, wherein the substrate 
is a wafer. 

16. The method of one of claims 14 or 15, wherein 

the processing is carried out by physical vapor 30 
deposition. 

17. The method of one of claims 14 to 16, wherein 
said clamping ring is formed of a ceramic 
material. 35 

18. The method of claim 17, wherein said ceramic 
material is selected from the group including 
alumina, aluminum nitride, and calcium car- 
bonate. 40 

19. The method of one of claims 14 to 16, wherein 
said clamping ring is formed of kovar. 

45 
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